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Abstract 



I discuss QCD sum rules determinations of the form factors governing the decay B — > 
Tr(p)£u. For some of these form factors the computed dependence on the momentum 
transferred does not agree with the expectation from the nearest pole dominance hypoth- 
esis. Relations are observed among the form factors, that seem to be compatible with 
equations recently derived by B.Stech. The measurement of a number of color suppressed 
nonleptonic B decay rates could shed light on the accuracy of the calculation of these 
form factors and on the factorization approximation. 
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1. Form factors of heavy-to-light meson transitions 



The exclusive semileptonic B decays to it and p play a prime role in the measurement of 
V u b. Let us consider, for example, the spectrum of B° — > n + p^v: 



dq 2 ~ 24^ 



F l v ub \ 2 \F^( q 2 )\ 2 \^( q 2 )\ 3 



where fi n (q 2 ) is the pion three-momentum (at fixed q 2 ) in the 5 meson rest frame. It is 
clear that a measurement of would provide us with once the form factor Ff 7V (q 2 ), 
defined by the hadronic matrix element (P = n): 



< P{p')\q llx b\B(p) >= (p + pVkfo 2 ) + ~ 2 P [F (g 2 ) - F 1 (q 2 )]q, (2) 
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ME - ME 

(q = p — p', Fq(0) = -^1(0)) is known in the whole accessible range of q 2 : < q 2 < q 2 ^ 
(Mb — M^) 2 . An equation analogous to (|I|) holds for B° — > p + p~v in terms of the form 
factors V and Aj defined by the matrix element (P* = p): 

< P*(p', Tj)\qjn{l ~ l5)b\B(p) > = e^V/ m b V +M p * ~ %{Mb + M r*)MQ 2 K 

+*i£ti^^-p)(p + p)» + i (v* ■ P) 2 -^fqM*{<i 2 ) - Mi 2 )) (3) 

(MO) = MO) and A 3 (q 2 ) = ^fg^A(g 2 ) - ^f^W) ). 

Model independent relations can be derived for Fi, V and Ai in the infinite heavy quark 
mass limit at the point of zero recoil (q^^) where 7r and p are at rest in the B— meson 
rest frame [|TJ. For example, when m& — * oo the following relations can be worked out for 
F 1 and F : 



i?ar(o> ) ~ JLp ^ (4) 

F Bw (q 2 max ) * ~-^= + 0(M K ) ] (5) 
Jtt y m b 

eq.(^) describes the dominance of the B* pole for F\ at zero recoil ( in the limit rrib — > oo 
F is related to Jb and g is the rescaled B*Bn strong coupling, and A = Mb* — Mb); 
eq.(|5]) is the Callan-Treiman relation valid in the chiral limit. 

The above scaling relations, that could be used, e.g., to relate B — > 7i£u to D — > niu 
at zero recoil, are not sufficient to describe the form factors in the physical range of 
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transferred momentum; therefore, a dynamical calculation based on QCD is required for 
Fi{q 2 ),V(q 2 ) and Mq 2 ). 



The method of QCD sum rules is a fully relativistic field-theoretical approach in- 
corporating fundamental features of QCD, such as perturbative asymptotic freedom and 
nonperturbative quark and gluon condensation. This method allows us, by analyzing 
three-point correlators of quark currents, to compute the form factors from zero to quite 
large values of q 2 \ in this respect, the method complements lattice QCD, where B meson 
form factors, extrapolated from the charm quark mass, are computed in the region near 

Qmax [0> H' 

Several QCD sum rules calculations of Ff n can be found in the literature || ; a calculation 
of both F% and Fq has been performed in ref.0 in the limit m& — > oo. The result 
for Ff 1T (q 2 ), depicted in fig.l and common to other QCD sum rules analyses, supports 
the simple pole model: F^{q 2 ) = [0.24 ± 0.02]/(l - v^-); on the other hand F^{q 2 ) 

B* 

increases slowly with q 2 . The feature of F of being nearly independent of q 2 has been 
confirmed by a calculation, at finite m&, in the channel B — > K (fig. 2a) j5|. 



Fig.l: Form factors F^ n (continuous line) and F^ (dashed line). 

The computed q 2 dependence of F^i^q 2 ) must be compared with the expectation based 
on the hypothesis of the dominance of the nearest singularity in the t— channel, assumed 
in a number of models 0: the nearest pole contributing to F^ n ^ BK ' is the + bu (bs) state 
with mass in a range near 6 GeV (in the BSW model the value M^s){^ + ) — 5.89 GeV 
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is used); on the other hand, a fit of the obtained F^i^q 2 ) and F^ K (q 2 ) to a simple pole 
formula can be performed provided that Mp > 7 — 7.5 GeV . 

This different q 2 behavior of F^ n (q 2 ) and F^ n (q 2 ) has been observed also in lattice QCD 
|TJ. [5|. Moreover, a different functional dependence is expected if one considers that the 
scaling laws with the heavy mass in eqs.(f|,[5|) are compatible with the relation i*i(0) = 
F o (0) if the q 2 dependence is, e.g., of the type: Fi(q 2 ) = Fj(0)/(1 — ffi) ni , with n x = n +l. 

i 

Deviations from the single pole model have been observed also for the axial form factors 
Ai P and A^, that turn out to be rather flat in q 2 (see the first article in ref.||); on the 
other hand, V Bp can be fitted with a polar formula, the pole given by B* []. As for the 
last form factor in eq.(0), Aq, the calculation both in the channels B — > p and B — > K* 



|8|, |TTJ shows that it also increases like a pole, with the pole mass compatible with the 
mass of B (or B s ) as expected by the nearest-resonance dominance hypothesis (fig.2b). 
Interesting enough, the relation A o (0) ~ -^0(0) is obtained. 

To summarize the results from QCD Sum rules analyses, the following scenario emerges 
for the transitions B —>■ 7f,p ( B — > K,K*): Fx, V and A following a polar dependence 
in q 2 , Fq, A% and A 2 rather flat in q 2 , A (0) = F (0) = i*i(0). It is worth reminding that 
such results are obtained after an involved analytic and numerical analysis, independent 
for each one of the above form factors. 



Fig.2: Form factors F BK (a) and A® K * (b). 

1 A steeper increase of V compared to A\ is obtained also in ref. , but the slopes are different with 
respect to Ball's results in Q. 
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One could wonder whether QCD sum rules results suggest the existence of relations among 
the form factors governing the transitions of heavy mesons to light mesons. For semilep- 
tonic decays where both the initial and the final meson contains one heavy quark, such 
relations can be derived in the limit itiq — > oo: they connect the six form factors as 
in (@,0) to the Isgur-Wise function incorporating the nonperturbative dynamics of 
the light degrees of freedom. It is intriguing that relations among heavy-to-light form 
factors have been obtained in a constituent quark model by B.Stech assuming that 
the spectator particle retains its momentum and spin before the hadronization, and that 
in the rest frame of the hadron the constituent quarks have the off-shell energy close to 
the constituent mass. Under these hypotheses the following equations can be written for 
B — > 7r, p form factors 0: 



.2 

.2 




V(V 2 )= + — ) (7) 

Mq 2 ) - 



rn-B 



M fi = (i + Stt) i - 2m i^ + m »\ \ fitf) (9) 



j/Ib/ \ 1 — q 2 / (tub + m p ) 2 y 
A (q 2 ) = F 1 (q 2 ). (10) 

The above relations are very similar to the relations holding for heavy-to-heavy transitions, 
e.g. B — » D, £)*. QCD sum rules results seem to confirm them. As a matter of fact, for 
a polar dependence of Fi(q 2 ) the above relations suggest that both F and A\ should be 
nearly constant in q 2 , and that A should be equal to F\. 

Of course, more work is needed to put equations (H-|l3) on the same theoretical grounds 
of the relations among the form factors of heavy-to-heavy transitions. 



2. Tests of factorization for color suppressed B decays 

Semileptonic form factors are useful not only to predict semileptonic BR's, but also to 

compute nonleptonic two-body decay rates if the factorization approximation is adopted. 

2 A dependence of F\ on the mass of the final particle has to be taken into account since there is no 
spin symmetry in the final state. 
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In particular, for color suppressed transitions B — > J/ty and B — > r] c , only 

the heavy-to-light form factors are needed. The decays B — > have been ana- 

lyzed in ]TJ] to constrain the semileptonic i? — ► K*,K form factors using data on the 
longitudinal polarization of the final particles in the decay B — > K* J/^f: pl = T(B 
K* J/m) LL /T(B -> X* J/*) = 0.84 ± 0.06 ± 0.08, and on the ratio R J/9 = T(B -> 
X* J/V)/T(B -> if J/*) = 1.64 ± 0.34 0. In the same spirit, the decays 5 -> ifW ^ 



are interesting since they could help in testing the factorization scheme and the accuracy 
of the computed hadronic quantities |§. 

To predict the decay rates B — > K^*' r] c , besides F^ K (q 2 ) and Aq K * (q 2 ) we need the lep- 
tonic constant f Vc . Together with f v > c , f Vc can be obtained by QCD sum rules considering 
the two-point function 

i> 5 (q) =i fd 4 x e iqx < 0\T(d"A^x)d u Al(0))\0 > (11) 



{d^Afjtix) = 2m c : c(x)«75c(x) :) that is known in perturbative QCD to two- loop order, 
including also the leading D = 4 non-perturbative term in the Operator Product Expan- 
sion. Exploiting two different types of QCD sum rules, viz. Hilbert transforms at Q 2 = 0, 
and Laplace transforms, we get ||: 

f Vc ~ 301 - 326 MeV, /„, ~ 231 - 255 MeV, (12) 

f Vc ~ 292 - 310 MeV, f rfc ~ 247 - 269 MeV , (13) 

respectively. These results have been obtained by varying the parameters in the ranges dic- 
tated by the gluon condensate and quark-mass analyses, and using m c = 1.46 ±0.07 GeV, 
Aqqd = 200 - 300 MeV, with the constraint that M Vc and = 3595 ± 5 MeV are 
correctly reproduced by the sum rules. Combining the predictions from the Hilbert and 
Laplace method we obtain: 

f Vc = 309 ±17 MeV, f vl = 250 ± 19 MeV, y^ = 0.8 ±0.1, (14) 

Jrjc 

^ c -0.81 ±0.05, ^ =0 - 88±0 - 08 - ( 15 ) 



In ([T5p the experimental values: f J/9 = 384 ± 14 MeV and = 282 ± 14 MeV have 
been used. In the constituent quark model the leptonic constants of the charmonium 
system can be expressed in terms of the cc wave function at the origin ^(0): 



fi = ^\m\ 2 , = uj^zMw ; (is) 



Vc 
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therefore, the ratio f Vc /fj/^ can be predicted in terms of the meson masses and of the 
charm quark mass: 

2m c (^Y= 0.97 ±0.03; (17) 



the deviations from the outcome of QCD sum rules, at the level of 15 — 20% for r] c , J/ty 
and 5 — 8% for the radial excitations rj' c , can be attributed to relativistic and radiative 
corrections to the constituent quark model formula. 

Tests of factorization can be performed by analyzing ratios of decay widths, such as 
B — > K^rjc and B — > K^rj' c , where the dependence on the Wilson coefficients in the 
effective hamiltonian governing the decays, and on other weak parameters drops out. Let 
us consider, e.g., the ratio: 

«* = rm- ~ IPi = 0771 (f& = om ± °- 15 • < 18 > 

The interesting point is that, because of the flat shape of Fo(q 2 ) (fig. 2a), Rk mainly 
depends on the ratio of the leptonic constants, so that in factorization approximation a 

~ f ' 

measurement of Rk would provide us with interesting information on and complement 
our knowledge of the cc wavefunction. The analogous ratio for the decays into K* is given 
by 

Here, the ratio of the form factors deviates from unity due to the g 2 -dependence of A 
(fig.2b). The prediction from (|l^) would be: Rk* = 0.45 ± 0.16. Moreover, the quantity 
Rk*/Rk is sensitive to the g 2 -dependence of the ratio A /F : 



1.42 



\ Rk WmI)/F (MI)J ■ 1 ] 



We also get: 
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R Vc = 1\ D _ ' " _ ' ,c ' = 0.373 ( ""'"'^ ) 2 = 0-73 ± 0.13 (21) 



r(B-^K- Vc ) V F (M, 



and Rrf = 0.56 ± 0.12 for the analogous ratio R^ . Finally, the ratio: 

p r^-^K-^) U ? F Q {Mp 2 

RK ~ T(B- -> K-JM ~ 2 ' 519 W ( W^) } (22) 
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can be predicted using the simple pole model for Fj . We obtain: Rk = 0.94±0.25, and, 
for R' K = : R 'k = 1-61±0.53. Using the CLEOII measurements 0: B(B~ -> 

K-J/V) = (0.11±0.01±0.01) x KT 2 and B(B~ -> K'^') = (0.06±0.02±0.01) x 10~ 2 we 
expect: B(B~ -> K~rj c ) = (0.11 ±0.03) x 10~ 2 and B(B~ -> #"7$ = (0.10±0.05) x 10" 2 , 
that should be within reach of present experimental facilities. The measurement of some 
of the above decay rates could shed more light on the problem of factorization, which is 
a basic assumption in the present analysis of heavy meson nonleptonic decays. 

Acknowledgments. It is a pleasure to thank F.De Fazio, C.A.Dominguez, G.Nardulli, 
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References 

[1] N.ISGUR and M.B.Wise, Phys. Rev. D 42 (1990) 2388. 

[2] M.A.Shifman, A.I.Vainshtein and V.I.Zakharov, Nucl. Phys. B 147 (1979) 385, 448. 

[3] A.Abada et al., Nucl. Phys. B 416 (1994) 675; The APE Collaboration, C.R.Allton et al., 
Preprint BU-HEP 94-29, CERN-TH.7484/94. 

[4] UKQCD Collaboration, D.R.Bowler et al., Preprint SHEP 95-09, GUTPA/95/2-1, FERMILAB- 
PUB-95/023-t; J.M.Flynn et al, Preprint SHEP 95-18, CPT-95/PE.3218. 

[5] S.Gusken, G.Siegert and K. Shilling, Preprint HLRZ 95-38, WUB 95-22. 

[6] P. Ball, Phys. Rev. D 48 (1993) 3190; V.M. Belyaev, A. Khodjamirian and R. Ruckl, Z.Phys 
C 60 (1993) 349; V.M. Belyaev, V.M.Braun, A. Khodjamirian and R. Ruckl, Phys. Rev. D 
51 (1995) 6177. 

[7] P.Colangelo and P.Santorelli, Phys. Lett. B 327 (1994) 123. 

[8] P.Colangelo, C.A.Dominguez and N. Paver, Phys. Lett. B 352 (1995) 134. 

[9] M.Wirbel, B.Stech and M.Bauer, Z. Phys. C 29 (1985) 637; R.Casalbuoni et al, Phys. Lett. 
B 299 (1993) 139. 

[10] A. Alt, V.M.Braun and H.Simma, Z.Phys. C 63 (1994) 437. 

[11] P.Colangelo, F.De Fazio and P.Santorelli, Phys. Rev. D 51 (1995) 2237. 

[12] N.ISGUR and M.B.Wise, Phys. Lett. B 232 (1989) 113. 

[13] B.Stech, Preprint HD-THEP-95-4. 

[14] T.E.Browder and K.Honscheid, Preprint UH 511-816-95, OHSTPY-HEP-E-95-101. 

[15] M.Gourdin, A.N.Kamal and X.Y.Pham , Phys. Rev. Lett. 73 (1994) 3355; R. Aleksan, A. Le 
Yaouanc, L. Oliver, O. Pene and J.C. Raynal, Phys. Rev. D 51 (1995) 6235. 



7 



